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(57)Abstract: 

PURPOSE: To provide a solid-state image pickup device 
which can store and hold information on each picture 
element with low power consumption and from which the 
information can be read out with low power consumption. 
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CONSTITUTION: An interline transfer type CCD solid- 
state image pickup device provided with a plurality of 
two-dimensionally arranged light receiving sections 11 
and a plurality of vertical charge transferring sections 12 
composed of charge-coupled devices(CCD) arranged at ol,T( K«[ 
every vertical row of the sections 1 1 . Nonvolatile 
memories 15 each of which is constituted in a two-layer 
gate structure having a floating gate 13 as its lower layer 
and a control gage 14 as its upper layer are respectively 

provided between the light receiving sections 11 and the vertical charge transferring sections 
12 and signals photoelectrical^ converted at the sections 1 1 are accumulated in the floating 
gates 13 by sucking up the signals to the gates 13 as F-N tunnel currents and the signal 
charges accumulated in the gates 13 are read out to the transferring section 12 through F-N 
tunnel operations. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the solid state camera which contained 
nonvolatile memory, and its drive approach about solid state cameras, such as CCD series. 
[0002] 

[Description of the Prior Art] In solid state cameras, such as CCD series, since it does not have a 
memory function, if pixel (picture element) information is not read one by one by dynamic operation, 
the information will disappear. Therefore, conventionally, pixel information once had to be read outside 
from CCD series, and it could not but change into digital image information with the A/D converter, and 
could not but memorize and hold to external memory. 

[0003] On the other hand, the semi-conductor image storage which contained nonvolatile memory for 
every pixel of a solid state camera is indicated by JP,6 1-48972, A, JP,2-26076,A, etc. The semi- 
conductor image storage (the conventional example 1 is called hereafter) of the indication to JP,61- 
48972,A is MNOS (Metal Nitride Oxide Semiconductor) using the gate dielectric film which becomes 
each picture element part of an X-Y-matrix mold solid state camera from an oxide film and the nitride 
which has a charge trapping level. Mold non-volatile analog memory is formed and it has the 
composition of having grounded the source of this MNOS mold non-volatile analog memory through 
the optoelectric transducer. 

[0004] On the other hand, the semiconductor device (the example 2 of a citation is called hereafter) of 
the indication to JP,2-26076,A combines an volatile semiconductor memory, a non- volatile 
semiconductor memory, and a photodiode, and it has the composition of transmitting and storing the 
data in a non-volatile semiconductor memory while it changes into an electrical signal the lightwave 
signal irradiated by the photodiode. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since it was destructive read read without 
destroying the information on each pixel in both the conventional examples 1 and conventional 
examples 2 of the above-mentioned configuration, a current would be passed to non- volatile analog 
memory (non-volatile semiconductor memory) and the storage information would be read, power 
consumption was large, and since the stationary current flowed in being especially the conventional 
example 2, there was a problem that power consumption was very large. 

[0006] This invention is made in view of the above-mentioned technical problem, and the place made 
into the purpose is about storage maintenance and its read-out of the information on each pixel to offer a 
solid state camera realizable [ with a low power ] and its drive approach. 
[0007] 

[Means for Solving the Problem] A solid state camera according to claim 1 is a solid state camera of the 
INTARAIN transmittal mode. Have the two-layer gate structure which has the floating gate in a lower 
layer, and it is prepared between each of two or more light sensing portions, and the perpendicular 
charge transfer section. It accumulates by sucking up the signal charge of each light sensing portion to 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/4/2006 



JP,08-3.40100,A [DETAILED DESCRIPTION] 



Page 2 of 5 



the floating gate as Fowler-Nordheim (it being hereafter described as F-N (Fowler-Nordheim)) tunnel 
current. It has composition equipped with the nonvolatile memory which reads the signal charge to the 
perpendicular charge transfer section by F-N tunnel actuation. 

[0008] In the solid state camera of the INTARAIN transmittal mode which the drive approach of a solid 
state camera according to claim 2 has the two-layer gate structure which has the floating gate in a lower 
layer, is established between each of two or more light sensing portions, and the perpendicular charge 
transfer section, and has nonvolatile memory He is trying to read the signal charge which was 
accumulated by sucking up to the floating gate by making into F-N tunnel current the signal charge by 
which photo electric conversion was carried out by each light sensing portion, and was accumulated in 
this floating gate to the perpendicular charge transfer section by F-N tunnel actuation. 
[0009] A solid state camera according to claim 3 has the two-layer gate structure which is the solid state 
camera of the frame transmittal mode, and has the floating gate in a lower layer, is formed 
corresponding to each of two or more light sensing portions, is accumulated by sucking up to the 
floating gate by making the signal charge of each light sensing portion into F-N tunnel current, and has 
composition equipped with the nonvolatile memory which reads the signal charge to a light sensing 
portion by F-N tunnel actuation. 

[0010] He is trying for the drive approach of a solid state camera according to claim 4 to read the signal 
charge which was accumulated by sucking up to the floating gate by making into F-N tunnel current the 
signal charge by which photo electric conversion was carried out by each light sensing portion, and was 
accumulated in this floating gate to a light sensing portion in F-N tunnel actuation in the solid state 
camera of the frame transmittal mode which has the nonvolatile memory which has the two-layer gate 
structure which has the floating gate in a lower layer, and was prepared corresponding to each of two or 
more light sensing portions in the sensitization section. 
[0011] 

[Function] In the solid state camera and its drive approach of the INTARAIN transmittal mode, an 
electron passes through the obstruction energy by the gate dielectric film by the side of the inferior 
surface of tongue of the floating gate according to tunneling, i.e., F-N tunneling, by impressing gate 
voltage to the control gate equivalent to the upper gate of two-layer gate structure. Thereby, an electron 
is poured into the floating gate from a light sensing portion. Consequently, the pixel information based 
on the signal charge by which photo electric conversion was carried out by each light sensing portion is 
written in the floating gate, and storage maintenance is carried out here. The pixel information by which 
storage maintenance was carried out in the floating gate by reading to the transfer electrode of the 
perpendicular charge transfer section, and on the other hand impressing an electrical potential difference 
is read to the perpendicular charge transfer section in F-N tunnel actuation. That is, pixel information is 
read in destructive reading. 

[0012] In the solid state camera and its drive approach of the frame transmittal mode, an electron passes 
through the obstruction energy by the gate dielectric film by the side of the inferior surface of tongue of 
the floating gate by F-N tunneling by impressing gate voltage to the control gate equivalent to the upper 
gate of two-layer gate structure. Thereby, an electron is poured into the floating gate from a light sensing 
portion. Consequently, the pixel information based on the signal charge by which photo electric 
conversion was carried out by each light sensing portion is written in the floating gate, and storage 
maintenance is carried out here. The pixel information by which storage maintenance was carried out in 
the floating gate by reading to the transparent transfer electrode of each light sensing portion on the 
other hand, and impressing an electrical potential difference is again read to a light sensing portion in F- 
N tunnel actuation. That is, pixel information is read in destructive reading. 
[0013] 

[Example] Hereafter, it explains to a detail, referring to a drawing about the example of this invention. 
Drawin g 1 is the block diagram showing one example of this invention applied to the solid state camera 
of an INTARAIN transfer (IT) method. In drawing 1 , two or more light sensing portions 1 1 which 
consist of a photodiode etc. change into the signal charge of the amount of level and charges [ incident 
light ] in a pixel unit two-dimensional array is carried out perpendicularly and corresponding to the 
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quantity of light. For every vertical file of these light sensing portions 1 1, it consists of charge coupled 
devices (CCD;Charge Coupled Device), and two or more perpendicular charge transfer sections 12 
which carry out the perpendicular transfer of the signal charge are formed. The transfer drive of these 
perpendicular charges transfer section 12 is carried out by the transfer clock Vphil to Vphi4 of four 
phases. 

[0014] Moreover, between each of a light sensing portion 11, and the perpendicular charge transfer 
section 12, the nonvolatile memory 15 of the two-layer gate structure which has the floating gate 13 in a 
lower layer, and has the control gate 14 in the upper layer is formed. The level charge transfer section 16 
which carries out the level transfer of the signal charge transported from the perpendicular charge 
transfer section 12 is formed in the bottom on the drawing of the perpendicular charge transfer section 
12. The transfer drive of this level charge transfer section 16 is carried out by the transfer clock Hphil of 
two phases, and Hphi2. The charge detecting element 17 of a floating diffusion (FD) configuration 
which detects a signal charge and is changed into a signal level is formed in the edge of the destination 
of the level charge transfer section 16. 

[0015] The cross-section structure of the light sensing portion circumference of a unit pixel is shown in 
drawing^ . In drawin g 2 , the p well 22 is formed in the upper layer of the n-type-semiconductor 
substrate 21, and the light sensing portion 1 1 has photodiode composition of the np junction which 
consists of an n mold diffusion layer 23 formed in the front-face side of the p well 22. p+ which 
becomes the channel stop section in the perimeter except the perpendicular charge transfer section 12 
side of n mold diffusion layer 23 The mold diffusion layer 24 is formed. On the other hand, the 
perpendicular charge transfer section 12 is n formed in the front- face side of the p well 22. - It is 
constituted by the mold diffusion layer 25 and the transfer electrode 27 arranged by the upper part in the 
fixed pitch through the insulator layer 26 in the direction of transfer (direction perpendicular to space). 
[0016] The 1st gate dielectric film 28 is formed on the substrate front face between a light sensing 
portion 1 1 and the perpendicular charge transfer section 12, and the floating-gate electrode 13 is further 
formed on it. Moreover, the 2nd gate dielectric film 29 is formed on this floating-gate electrode 13, and 
the control gate electrode 14 is further formed on it. Thus, nonvolatile memory 15 is constituted by the 
two-layer gate structure which has the floating-gate electrode 13 in a lower layer, and has the control 
gate electrode 14 in the upper layer, respectively. 

[0017] Next, the image pick-up actuation in the CCD solid state camera of the INTARAIN transmittal 
mode of the above-mentioned configuration is explained. First, if it exposes in a certain exposure period, 
in each light sensing portion 1 1 , photo electric conversion to the signal charge of the amount of charges 
according to the quantity of light will be performed in incident light. After termination of the exposure 
period, when the forward gate voltage Vcg is impressed to the control gate electrode 14 of nonvolatile 
memory 15, and Electron e passes through the obstruction energy by the 1st gate dielectric film 28 
according to tunneling, i.e., F-N tunneling, Electron e is poured into the floating-gate electrode 13 of 
nonvolatile memory 1 5 from n mold diffusion layer 23 of a light sensing portion 1 1 . 
[0018] At this time, as shown in the potential Fig. of drawing 3 , only the amount of charges of the 
signal charge by which photo electric conversion was carried out by the light sensing portion 1 1 is 
sucked up by the floating-gate electrode 13 as F-N tunnel current. Thereby, the pixel information based 
on the signal charge by which photo electric conversion was carried out by each light sensing portion 1 1 
is written in the floating-gate electrode 13 of nonvolatile memory 15, and storage maintenance is carried 
out here. 

[0019] On the other hand, as by impressing the forward read-out electrical potential difference Vro to 
the transfer electrode 12 of the perpendicular charge transfer section 12 shows the information by which 
storage maintenance was carried out to the floating-gate electrode 13 in the potential Fig. of drawin g 4 , 
it is read to the perpendicular charge transfer section 12 by F-N tunnel actuation. That is, the storage 
information on nonvolatile memory 15 will be read to the perpendicular charge transfer section 12 by 
destructive reading. After the perpendicular transfer of the signal charge read to the perpendicular 
charge transfer section 12 is carried out by the perpendicular charge transfer section 12 and a level 
transfer is further carried out by the level charge transfer section 16, it is changed and outputted to a 
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signal level by the charge detecting element 17. 

[0020] Since the storage maintenance of the pixel information on each light sensing portion 1 1 can be 
carried out at nonvolatile memory 15 by having formed nonvolatile memory 15 between each light 
sensing portion 1 1 and the perpendicular charge transfer section 12, and having given the memory 
function to the CCD solid state camera of the INTARAIN transmittal mode as mentioned above, the 
image information can be taken out to arbitration in time. The image information at this time is 
equivalent to one photograph. Therefore, the CCD solid state camera with this memory function is used 
for a steel (still picture) camera, and will become useful. Since a direct current does not flow in the case 
of the read-out by having read the storage information on nonvolatile memory 15 to the perpendicular 
charge transfer section 12 which consists of charge coupled devices by destructive reading especially, 
low-power-ization can be attained and it becomes the high thing of convenience by using for a portable 
product. 

[0021] The modification of the structure of nonvolatile memory 15 is shown in drawin g 5 . In this 
modification, as shown in drawin g 5 , the structure which formed thickly the 1st gate dielectric film 28 
of nonvolatile memory 15, formed the floating-gate electrode 13 on it, and formed the control gate 
electrode 14 through the 2nd gate dielectric film 29 farther is taken. According to this structure, when 
the area of the nonvolatile memory 15 in plane view is assumed to be the same as it in the case of the 
structure of drawin g 2 , a substantial large electrode surface product can be taken and capacity also 
becomes large in connection with it because the center section of the floating-gate electrode 13 and the 
control gate electrode 1 4 is rising. If it puts in another way, the nonvolatile memory 1 5 of the same 
capacity can be formed in a fewer monopoly area. 

[0022] Drawing 6 is the block diagram showing other examples of this invention applied to the CCD 
solid state camera of a frame transfer (FT) method. The CCD solid state camera of this frame transmittal 
mode has composition equipped with the sensitization section 61 which performs photo electric 
conversion per pixel, the are-recording section 62 which accumulates the signal charge for the 1 field by 
which photo electric conversion was carried out in this sensitization section 61, the Rhine transfer 
section 63 which transmits the signal charge moved from this are-recording section 62 every one line, 
and the charge detecting element 64 which is prepared in the edge of the destination of this Rhine 
transfer section 63, and changes a signal charge into a signal level. The are recording section 62 has 
structure shaded so that an extraneous light might not mix. 

[0023] Two-dimensional array of two or more light sensing portions 65 is carried out to the sensitization 
section 61, and they are prepared in it. And each light sensing portion 65 of a vertical file is formed 
continuously mutually, and also has the function of the transfer section which transmits the signal 
charge which carried out photo electric conversion by each light sensing portion 65 to the are recording 
section 62 by arranging a transparent transfer electrode (not shown) on the upper part. Moreover, the 
nonvolatile memory 68 of the two-layer gate structure which has the floating gate 66 in a lower layer, 
and has the control gate 67 in the upper layer is formed beside each light sensing portion 65. 
[0024] Next, the image pick-up actuation in the CCD solid state camera of the frame transmittal mode of 
the above-mentioned configuration is explained. First, if it exposes in a certain exposure period, in each 
light sensing portion 65, photo electric conversion to the signal charge of the amount of charges 
according to the quantity of light will be performed in incident light. After termination of the exposure 
period, if forward gate voltage is impressed to the control gate 67 of nonvolatile memory 68, when the 
signal charge of each light sensing portion 65 is sucked up by the floating gate 66 as F-N tunnel current, 
it will be written in by the same principle of operation as the case of a previous example, and storage 
maintenance will be carried out here. 

[0025] On the other hand, in case the information by which storage maintenance was carried out is read 
to the floating gate 66, processing which sweeps and throws away first the signal charge accumulated in 
each light sensing portion 65 till then through the are recording section 62 and the Rhine transfer section 
63 is performed. Thus, after changing into the condition that there is no unnecessary charge in each light 
sensing portion 65, the information by which storage maintenance was carried out is read to the floating 
gate 66 by each light sensing portion 65 by F-N tunnel actuation by impressing a forward read-out 
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electrical potential difference to the transparent transfer electrode (not shown) of each light sensing 
portion 65. And after the signal charge read to each light sensing portion 65 is moved to the are 
recording section 62 and is further transmitted every one line through the Rhine transfer section 63, it is 
changed and outputted to a signal level by the charge detecting element 64. 

[0026] In addition, although each above-mentioned example explained the case where it applied to the 
CCD solid state camera of the INTARAIN transmittal mode, and the CCD solid state camera of the 
frame transmittal mode, it is possible to apply also like the CCD solid state camera of a frame 
INTARAIN transfer (FIT) method. 
[0027] 

[Effect of the Invention] Since a direct current does not flow by having read that information in 
destructive reading in the case of that read-out while according to this invention preparing nonvolatile 
memory corresponding to each light sensing portion and memorizing each pixel information to this 
nonvolatile memory, as explained above, a low power can realize storage maintenance and its read-out 
of the information on each pixel. 

[Translation done.] 
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